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Abstract

Background: Appendectomy is the most common surgical
procedure performed in general surgery. For almost a century,
open appendectomy, first described by Charles McBurney in
1889, has remained the gold standard treatment for acute
appendicitis. The introduction of |aparoscopic surgery has
dramatically changed the field of surgery and laparoscopic
surgery has been widely used as a minimally invasive surgery.

Aimof Sudy: Comparative evaluation of intra-corporeal
ligation versus titanium clip application as methods of securing
the appendicular stump. As regard safety, simplicity, compe-
tence, surgical technique, operative time, hospital stay and
post-operative morbidity.

Patients and Methods: This study was conducted to
evaluate the results of the Intracorporeal ligation versus
Titanium clips application in securing the appendicular stump
in regarding operative time, operative findings, post-operative
complications, hospital stay and return of the patients to their
normal daily activities.

Results: The overall post-operative complications were
different in the 2 group. The incidence of wound infection
was lessin clips group (0% versus 10%). The mean hospital
stay was shorter in clips group patients than ligation group
patients (13.45 versus 18.95 hours). The mean time to return
to normal activities was shorter in titanium clips patients (5.45
days versus 6.30 days). The use of laparoscope in suspected
appendicitis is better than the open method especially in
equivocal cases to reach an exact diagnosis. We must not
hesitate to convert laparoscopic appendectomy to open appen-
dectomy for the sake and safety of the patient.

Conclusion: Both methods of intracorporeal ligation and
clip application are cost effective in securing the appendicul ar
stump. Titanium clip application is more easy to the surgeon,
more time saving during the operation and less post-operative
stay in the hospital. The only limitation of the clip application
isthe wider diameter of the base of the appendix beyond the
large titanium clip in these cases intra-corporeal ligation is
a safe and cheap aternative.
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Introduction

THE appendix isasmall tube-shaped pouch at-
tached to the caecum and located in the lower right
side of abdomen [1].

Appendicitis was first recognized as a disease
in the sixteenth century and was called perityphlitis
(2.

Appendicitisis the most common intra-
abdominal condition requiring emergency surgery.
Appendectomy continues to be one of the com-
monest procedures in general surgery, accounts
for approximately 1% of all surgical operation [3].

The first appendectomy was performed in 1736
by Claudius Amyand, Surgeon of St. Georges
Hospital, London, UK [4] . McBurney in 1889
described the clinical features of acute appendicitis.
Open appendectomy has been the standard surgical
treatment since the last century [2].

Diagnosis is founded upon well-recognized
signs, symptoms as well as physician's practice.
The signs & symptoms most prognostic of acute
appendicitisis pain in Right Lower Quadrant (RLQ)
or pain around umbilicus and then transferring to
RLQ presenting along with fever, nausea and vom-
iting. On abdominal examination there will be
rigidity, tenderness and rebound tenderness in right
iliac fossa [5].

The reported incidence of acute appendicitis
has increased over the last few decades potentially
dueto the increased use of CT imaging, with the
rate of complicated appendicitis representing 25%
of all cases [6].

Several diseases such as pelvic inflammatory
disease, endometriosis, ovarian cysts, ectopic preg-
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nancy, cholecystitis and colonic perforation may
mimic acute appendicitis so proper imaging is
mandatory in diagnosis of acute appendicitis [7].

The introduction of laparoscopic surgery has
dramatically changed the field of surgery. With
improvement in the equipment and increasing
clinical experienceit is possible to perform almost
any kind of procedure under laparoscopic visuali-
zation [8] . Laparoscopic appendectomy was first
reported by the gynaecologist Kurt Semm in 1982
9.

The laparoscopic approach allows afull explo-
ration of the peritoneal cavity, thus representing
an important diagnostic tool in case thereis only
suspicion of acute appendicitis [7]. Complicated
Appendicitis (CA) defined as gangrenous or per-
forated appendicitis with or without peritonitis has
been increasingly managed laparoscopically. 67%
of cases of CA performed laparoscopically in 2011
inthe USA [6]. An accepted negative appendicec-
tomy rate for presumed appendicitis ranges from
15% to 20%, even higher in women of childbearing
age from 20% to 30% [10].

Society of American Gastrointestinal and En-
doscopic Surgeons (SAGES) strongly recommends
LA only for female patients of child-bearing age
because the advantages of minimal invasive surgery
such as shorter length of hospital stay, better cos-
metic appearance, faster recovery and return to
normal activities and less postoperative pain in
patients with uncomplicated appendicitisin partic-
ular [11].

The European Association of Endoscopic Sur-
geons (EAES) has recently released guidelines on
appendectomy that clearly favour the laparoscopic
approach [12].

Criticism of LA includes increased operative
cost, primarily due to the use of disposable lapar-
oscopic instruments, increased operation time, and
concerns about a higher incidence of intra-
abdominal abscesses, particularly after perforated
appendicitis [13].

Aim of the work:

Comparative evaluation of intra-corporeal liga-
tion versus titanium clip application as methods
of securing the appendicular stump. As regard
safety, simplicity, competence, surgical technique,
operative time, hospital stay and post-operative
morbidity.

Patients and M ethods

This study was conducted in Ain Shams Faculty
of Medicine, Ain Shams University Hospitals,
General Surgery Department from November 2019
to April 2020.

The study was conducted on 40 patients diag-
nosed with acute appendicitis.

Inclusion criteria: All cases of acute appendi-
citis that were subjected to laparoscopic appendec-
tomy were included in the study.

Exclusion criteria: Patients in whom laparo-
scopic appendectomy has to be converted into open
procedure. Appendicular mass which was diagnosed
either by ultrasound or by examination under an-
esthesia. Cases with perforation at the base.

The patients were randomly allocated into two
groups 20 patients each:

Ligation group, the patients were operated by
L aparoscopic Appendectomy, (LA) and the appen-
dicular stump is secured by intra-corporeal ligation.

Titanium clip group, the patients were operated
by Laparoscopic Appendectomy, (LA) and the
appendicular stump is secured by application of
titanium clips.

All patients were foll owed-up for 6 months post-
operatively and were subjected to: History taking.
Clinical examination including PR and PV. Labo-
ratory investigations: CBC. Naand K in markedly
dehydrated patients. Urine analysis in suspected
cases of urinary tract infection. Radiological in-
vestigation: Ultrasound (abdomino-pelvic).

Ultrasonography was routinely done for all
patients to help in confirmation of the clinical
diagnosis and also helpsin the diagnosis of com-
plications like mass which was considered exclu-
sion criteria; CT with oral and intravenous contrast
was requested in case of suspicion of complications
that were not diagnosed definitely by ultrasound.

Patients were fully informed about the risks
and benefits of the 2 procedures. Informed consent
was obtained from every patient.

Markedly dehydrated patients had fluid resus-
citation and Foley catheter to ensure adequate urine
output. Any electrolyte deficiencies were corrected
prior to the induction of general anaesthesia.

Prior to the surgical incisions, all the patients
received a standard regimen of intravenous antibi-
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otics (1.5gm of ampicillin, sulbactam and 500mg
of Metronidazole).

Criteria of discharge of the patient from the
hospital:

Absence of fever. Good tolerance of oral diet.
Removal of the drain if wasinserted. The patients
were followed-up for 6 months.

Technique of laparoscopic appendectomy:

The patient was placed supine in a15° Trende-
lenberg position with both arms tucked. Rotation
to the left was done. The surgeon stood on the
patient's left side. The camera man stood on the
surgeon's left side. The monitor was on the patient's
right side. After the induction of general anaesthe-
sia, aurinary catheter and a nasogastric tube were
placed. A pneumoperitoneum was created in stand-
ard fashion, using either the Veress needle tech-
nique or the open technique according to the sur-
geon preference. The first trocar (10mm) was
introduced at the lower margin of the umbilicus.
The intraperitoneal pressure was set to be 14mmHg.
L aparoscopy was then performed with "30" angle
viewing laparoscope to ensure the clinical diagnosis
and identify the position of the appendix so asto
determine the best site of insertion of the other
trocars. A second 10mm suprapubic trocar was
inserted. A third trocar was inserted in the left iliac
fossa. In 2 cases 4th trocar in the right upper
quadrant was inserted to facilitate dissection of
retrocecal appendix.

After insertion of the ports, a quick diagnostic
laparoscopy was performed in order to confirm
the diagnosis and assess other pathologies. The
surgeon's left hand held a Babcock grasper to
retract the caecum and subsequently expose the
appendix. Cautery scissors were used to incise the
retroperitoneal attachments of the caecum in diffi-
cult cases. Thiswill expose the mesoappendix and
make it easy to create a window mesoappendix
close to the base. The rest of the technique will be
the same as in open appendectomy where we apply
atie in the mesoappendix and one of the two
techniques in the appendicular stump either a
ligation or atitanium clip to secure the stump of
the appendix.

After transection the appendicular stump mu-
cosa was carefully cauterized. The appendix was
pulled into the umbilical port and withdrawn with
the whole port or was placed in an impermeable
retrieval bag before its removal. Irrigation and
insertion of adrain were done only in indicated
cases. Trocars were removed under direct vision.
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Fascia at the 10-mm trocar site was closed, and all
wounds were closed primarily.

In patients with complicated appendicitis, anti-
biotics were not discontinued but were modified
according to the culture results and continued for
7 to 10 daysttill the patient was afebrile.

Patients were given sips of water after passing
flatus or faeces or after hearing intestinal sounds
to avoid paralytic ileus from early introduction of
food or liquids.

Post-operatively, all patients received analgesics
in the form of NSAIDs for 24 hours, then analgesics
were given upon the patient request.

The discharge criteria are met once the patients
were afebrile, with audible bowed sounds and were
ableto tolerate aliquid diet and oral analgesia.
The specimens were sent for pathology for assess-
ing pathological diagnosis.

The comparison between the 2 groupswas in
the following criteria: Intraoperative: Operative
time (from skin incision to wound closure), intra-
operative findings (normal, gangrenous, inflamed
or perforated), intraoperative complications, asso-
ciated pathology and its management. Post-
operative: Early post-operative morbidity up to 4
weeks including wound infection, late postoperative
complications up to 6 months including (pelvic
abscess, port site hernia and adhesive intestinal
obstruction), post-operative hospital stay and time
needed to return to work.

Satistical analysis of the data:

Data were fed to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp) qualitative data were
described using number and percent. The Kol-
mogorov-Smirnov test was used to verify the nor-
mality of distribution quantitative data were de-
scribed using range (minimum and maximum),
mean, standard deviation and median. Significance
of the obtained results was judged at the 5% level.

The used testswere:  Chi-square test: For cate-
gorical variables, to compare between different
groups. Fisher's Exact or Monte Carlo correction:
Correction for chi-square when more than 20% of
the cells have expected count less than 5. Student
t-test: For normally distributed quantitative varia-
bles, to compare between two studied groups.
Mann Whitney test: For abnormally distributed
quantitative variables, to compare between two
studied groups.
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Cases:

Fig. (1): A case of acute catarrhal ap-  Fig. (2): A case of acute suppurative Fig. (3): A case of gangrenous appendicitis.

pendicitis. appendicitis.

Fig. (4): Intracorporeal ligation of the Fig. (5): Titanium clips applicationon  Fig. (6): Ligation of the stump of the

appendicular stump. the stump of the appendix. appendix.
Fig. (7): Ligation of the stump of the Fig. (8): Titanium clips application on Fig. (9): Ligation of the base of the
appendix. the stump of the appendix. appendix.
Results Table (2): Comparison between the two studied groups ac-

Table (1): Comparison between the two studied groups ac-
cording to age (years) and sex.

Intracorporeal  Titanium Test p-

ligation group  clips group Sig.
NO.=20 NO.=20 value vaue
Age:
Mean £SD  26.00+7.11  25.10+557 0.446e 0.658 NS
Range 13-40 16-35
Sex:
Female 12 (60.0%)  11(55.0%) 0.102* 0.749 NS
Male 8(40.0%) 9 (45.0%)

p-vaue >0.05: Non significant (NS).
p-vaue <0.05: Significant (S).

p-value <0.01: Highly significant (HS).
*: Chi-square test.

«: Independent t-test.

cording to intraoperative findings.

Intracorporeal  Titanium

ligation group clipsgroup Test  p- Sig

—_—  vaue* vaue '
No. % No. %

Condition of

the base:
Normal 13 650 12 600 0.107 0744 NS
Edematous 7 350 8 400

Gross pathology of

the appendix:
Normal 2 100 1 50 0.392 0942 NS
Suppurative 8 400 9 450
Catarrhal 9 450 9 450
Gangrenous 1 5.0 1 5.0

p-vaue >0.05: Non significant (NS).
p-vaue <0.05: Significant (S).

p-value <0.01: Highly significant (HS).
*: Chi-square test.
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Table (3): Comparison between the two studied groups ac-
cording to the operative time, post-operative hos-
pital stay and return to work.

Intracorporeal  Titanium
ligation group clips group
No.=20 No.=20

Test p-

value value Sig.

Operative time (min.):
Mean £ SD 55.62%£6.04 46.44%6.83 4.504 0.000 HS
Range 45.55-67.46 37.16-62.59

Hospital stay (hours):

Mean £ SD 18.95%¥3.83 13.45+3.52 4.729 0.000 HS
Range 12-25 9-20

Return to work (days):
Mean £ SD 6.30£1.78 545150 1.631 0.111HS
Range 4-9 4-9

p-vaue >0.05: Non significant (NS).
p-vaue <0.05: Significant (S).

p-value <0.01: Highly significant (HS).
«: Independent t-test.

Table (4): Comparison between the two studied groups ac-
cording to post-operative complications.

Intracorporeal  Titanium

Complications ligation group clips group v-l‘;leite vgije Sig.
No.=20 No.=20
Intestinal injury:
Absent 20 (100.0%) 20 (100.0%) NA NA NA
lleus:
Absent 18 (90.0%) 20 (100.0%) 2.105* 0.147 NS
Present 2 (10.0%) 0 (0.0%)

Pelvic abscess:

Absent 20 (100.0%) 20 (100.0%) NA NA NA

Port site infection:
Absent
Present

18 (90.0%) 20 (100.0%) 0.360* 0.548 NS
2 (100%) 0 (0.0%)

Failure of technique:

Absent 20 (100.0%) 20 (100.0%) NA NA NA
Re-admission:

Absent 20 (100.0%) 20 (100.0%) NA NA NA
Re-operation:

Absent 20 (100.0%) 20 (100.0%) NA NA NA

Port site hernia:

Absent 20 (100.0%) 20 (100.0%) NA  NA NA
Adhesions:
Absent 20 (100.0%) 20 (100.0%) NA NA NA

p-vaue >0.05: Non significant (NS).
p-vaue <0.05: Significant (S).

p-value <0.01: Highly significant (HS).
*: Chi-square test.

Discussion

Approximately 6% of the population develop
appendicitisin their life time, with peak incidence
between the ages of 10 and 30 years, thus making
appendectomy the most frequently performed ab-
dominal operation [14] .

The treatment of acute appendicitis remained
essentially unchanged since its first description by
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Charles Mcburney in 1889. Appendectomy by
Mcburney's incision remained the procedure of
choice for nearly a century until 1983 when Kurt
Semm offered an alternative, "laparoscopic appen-
dectomy”, but as Mcburney's operation is well
tolerated with less co-morbidity the benefits of
|aparoscopic appendectomy have been difficult to
establish [15].

Several authors proposed that the new technique
of laparoscopic appendectomy should be the pre-
ferred treatment for acute appendicitis. Laparo-
scopic cholecystectomy is nhow considered a stand-
ard method of performing cholecystectomy and
has mostly replaced the old method throughout the
world, while appendectomy has yet to achieve such
popularity [15].

The putative advantages of the laparoscopic
approach are quicker and less painful recovery,
fewer post-operative complications and better
cosmoses. It allows better assessment of other
intra-abdominal pathologies. But because of short-
age of laparoscopic setsin some hospitals, laparo-
scopic appendectomy is not practiced widely [16].

L aparoscopic appendectomy has emerged as a
safe procedure, and its potential advantages of
shorter hospital stay, early mobilization, early
return of bowel function, acceptable complication
rate along with the recent enthusiasm of minimally
invasive surgery, has led some authors to advocate
this approach as the procedure of choice for un-
complicated appendicitis [17].

Clear and magnified visions of appendix with
more space to manoeuvre through asmall hole like
incision are great advantages of laparoscopic sur-
gery. Some surgeons with equal safety and easein
OA do "button hol€e" surgery. Hence regarding
incision any advantage to LA islikely to be small
and difficult to prove [18].

The popularity of laparoscopic appendectomy
isincreasing among surgeons by time. The advan-
tages of laparoscopic surgery such as, shorter
recovery, less post-operative pain and better cos-
metic results are strongly present in laparoscopic
appendectomy [19] .

The other major advantages of |aparoscopic
appendectomy are the diagnostic laparoscopy done
before delivery of the appendix and lower rate of
wound infection. Most cost studies have confirmed
the higher cost of lap appendectomy in comparison
to open appendectomy due to the cost of instru-
ments during the procedure [20].
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One of the important causes of higher cost is
the instrument or tools used for securing the base.
Different methods were used to secure the base
during laparoscopic appendectomy including the
use of Endo-GIA which is expensive, endo loop
which isalso relatively expensive and not available
in many hospitals in our country. Other methods
include metallic clips, polymeric clips and intra-
corporeal suture ligation which are lessin cost
Sahm and his colleagues confirmed, in their study
that intra-corporeal ligation is a safe alternative
for the expensive linear stapler or less expensive
endoloop and show no significant differencein
safety and efficacy [19].

In another study by Kiudelis and his colleagues,
reported that intra-corporeal ligation is a safe
method, and cheaper than endol oop technique.
Compared with laparoscopic staplers end loops
have an advantage as they are 6 to 12 times cheaper
than stapling device, this was matching with our
study since no major complications occurred with
intra-corporeal ligation, the cost of courseisless
because we just used 1 ampoule of polyglactin O
which might be used to close the port site as well
in many cases, one other advantage of intra-
corporeal ligation isits applicability in all cases
[21].

As commercialy available titanium and absorb-
able clip can sustain a high degree of intraluminal
pressure and cannot be displaced by a pressure of
300mmHg, and are lower in cost, their useis
acceptable for securing the appendicular stump
like the cystic duct [22].

Rickert and co-workers, used a titanium double
shanked clip in their study which was able to secure
appendicular base up to 2cm safely. Thiswas
different from our study because we used the
ordinary medium large or large clip which cannot
secure 2cm diameter, the other major disadvantage
reported by Rickert and his colleagues was the
need for 12mm port for introduction of clip applier.
We do not consider it major drawback for using
clips because most of surgeons will need this port
for retrieval of the appendix; others use the tele-
scope port for retrieval which isdifficult and time
consuming in some cases [23].

Our study matched with results of other studies,
that using metallic clips for appendicular stump
closure is safe and associated with less operative
time in laparoscopic appendectomy. It aso makes
the procedure simpler and provides a useful alter-
native of intra-corporeal ligation [24].

We used monopolar diathermy with caution to
cauterize the mucosa of the appendicular stump
because the fluid emerging of the stump is poten-
tially contaminated and this may be related to
increased possibility of surgical siteinfection. This
was inspired from a study by Ahmad and his col-
leagues, which revealed that cautery of appendicular
mucosais 100% effective in sterilization of the
appendicular stump [25].

We did not use commercial endobag routinely
for retrieval of the appendix because they are
expensive and not available in our hospital, in most
of cases we retrieved the appendix through 12mm
cannulato and extract them together to prevent
contact between infected appendix and porte site
but actually contact happensin some cases during
manipulation. The cause of this was the large
diameter of the appendix that made it difficult to
be included inside the cannula. This explains the
port site infection that happened in 2 cases out of
40 (5%). Fortunately infections were mild and
managed by simple drainage and a short course of
antibiotic. In astudy by Hansen and his colleagues,
the incidence of port site infection was 2% which
was lower than our study. Simply this can be
attributed to endobags used in Hansen study. No
doubt, the use of commercially available endobag
will decrease the possibility of port site infection
but its cost is the main obstacle for its routine use.
The formation of endobag from sterilized gloveis
agood alternative with lower cost [26].

Conclusion:

L aparoscopic appendectomy is safe and feasible.
Despite that the operating time for |aparoscopic
appendectomy is still higher than that for open
procedure, laparoscopic approach had severa ad-
vantages over open appendectomy in that, it has
lesser incidence of wound infection, shorter hospital
stay, less need for post-operative analgesia and
faster return of patients to normal activities. More-
over, itisvery useful in reaching an exact diagnosis
in equivocal cases. We must convert laparoscopic
procedure to open surgery when indicated for the
safety of the patient. A larger further study to
evaluate the cost, benefit of titanium clips applica-
tion on the appendicular stump is recommended.
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